Twenty juvenile northern elephant seals (Mirounga angustirostris) that died between 1998 and 2004 had ulcers on the tongue, palatine mucosa, and/or tonsils. Histologic examination of the lesions revealed cytoplasmic swelling, nuclear pyknosis, and eosinophilic to amphophilic intranuclear inclusions bodies suggestive of herpesviral infection. Electron microscopic examination and polymerase chain reaction analysis confirmed the presence of a herpesvirus. Subsequent DNA sequencing identified this to be a new gammaherpesvirus that was similar to Porcine lymphotropic virus 2, Alcephaline herpesvirus 1 (malignant catarrhal fever virus from wildebeest), and Chlorocebus rhadinovirus 1 from African green monkeys. Identical herpesviral DNA was also detected in blood and mucosal swabs collected from five healthy elephant seal pups.
Northern elephant seals (Mirounga angustirostris) range around the northeastern rim of the Pacific Ocean from eastern Russia to Baja California (Riedman, 1990 ). These seals spend most of the year at sea but occur along the California coast and offshore islands during their breeding and molting seasons (Stewart and Huber, 1993) . The population was hunted almost to extinction in the 1800s but is currently increasing at a rate of 6% annually and now includes approximately 150,000 individuals (Stewart et al., 1994) . Minimal genetic variation has been detected in northern elephant seals (Hoelzel et al., 1993) , leading to speculation that they should be extremely susceptible to infectious disease (Weber et al., 2004) . Although bacterial and parasitic infections (Thornton et al., 1998; Elson-Riggins et al., 2001; Dubey et al., 2004) have been reported in northern elephant seals, no viruses have been identified to date in this species. In contrast, viral infections are common in Pacific harbor seals (Phoca vitulina) and California sea lions (Zalophus californianus), which have ranges that overlap with that of the elephant seal (Gulland et al., 1997; Lipscomb et al., 2000) . The purpose of this study was to investigate the potential for a viral etiology of ulcerative oral mucosal and tonsillar lesions observed in stranded northern elephant seals pups.
Complete necropsies were performed on 20 elephant seals pups ,1 yr of age that died during rehabilitation at The Marine Mammal Center between 1998 and 2004; these seals had ulcers affecting the tongue, palate, and/or tonsils. Collected tissues were fixed in 10% neutral buffered formalin. Blood and mucosal swabs also were collected for molecular analysis as described by Goldstein et al. (2004) from five of these animals at necropsy or just prior to death, and from five healthy elephant seals that were released. Samples from the released animals were collected during the first week following admission in four animals, and during week one and week two in one animal. All pups were admitted during the months of March, April, May, August, or November and those that died were at the rehabilitation center for 1 to 41 days prior to death; those that were released were under care for between 23 to 93 days.
Formalin fixed tissues were embedded in paraffin, sectioned at 5 mm and stained with hematoxylin and eosin (H&E) for histologic examination (Luna, 1968) . Ultrastructural studies were performed on selected tissues that were deparaffinized, hydrated, and post-fixed in 1% osmium tetroxide, then dehydrated, cleared and embedded in epoxy resin. One-micrometer sections were cut and stained with toluidine blue for preliminary light microscopic examination. Thin sections (80-90 nm) were cut and stained with uranyl acetate and lead citrate for electron microscopy. Immunohistochemistry was performed on sections containing inclusion bodies with the avidin-biotin-peroxidase complex method using a commercial mouse monoclonal antibody against the latent membrane protein of Epstein-Barr virus (DakoCytomation California Inc, Carpinteria, CA 93013).
DNA extracted from ulcerated tissues, blood, and mucosal swabs was analyzed using previously published degenerate primers (VanDevanter et al., 1996) , followed by elephant seal herpesvirus specific primers, both of which were designed to detect a fragment of the herpesviral DNA polymerase gene (sense: 5'-GGG-GATGTTTCCTTGCGTTA-3', anti-sense: 5'CCTTAAAACAG GCATCACCT-3'). Positive PCR products were cloned into a plasmid vector, sequenced by the chain termination method (Sanger et al. 1977) , and compared to other published herpesviral sequences in the GenBank Database (National Center for Biotechnology Information, National Library of Medicine, Bethesda, Maryland, USA). Primer combinations were used to obtain additional sequence of the elephant seal herpesviral DNA polymerase gene. The phylogenetic relationship between the newly detected virus and other herpesviruses, including other known marine mammal herpesviruses, was established using the NEIGHBOR program of PHYLIP (Phylogeny Inference Package, version 3.5c, University of Washington, Seattle, Washington, USA) and tested by SEQBOOT and CONSENSE programs to determine the degree of support for the particular tree nodes and to obtain significant bootstrap values (.50%) or those that designate subfamily branches.
The causes of death, as classified according to Colegrove et al. (2005) , of the 20 examined pups included verminous pneumonia and arteritis due to Otostrongylus circumlitus infection (n511), endotoxemia secondary to acute enterocolitis (n52), septicemia (n52), protozoal meningitis (n51), bacterial meningoencephalitis (n52), leptospirosis (n51), and malnutrition (n51). Grossly, the ulcers were 1-5 cm in diameter, and were found on the hard palate, soft palate, tongue, or tonsils (Fig. 1) . Histopathologic examination of ulcerated and intact oral and tonsilar epithelium revealed areas of cytoplasmic swelling, nuclear pyknosis, and intranuclear inclusion bodies that varied from diffuse and lightly amphophilic to brightly eosinophilic with peripheral halos (Cowdry type A) (Fig. 2) . The inclusions resembled those associated with herpesviral infections in other species. The intranuclear inclusion bodies stained positively by immunohistochemistry for the latent membrane protein of Epstein-FIGURE 1. Severely ulcerated hard palate observed at necropsy from a weaning-aged elephant seal pup.
Barr virus (Fig. 3) . Transmission electron microscopy revealed 90-110 nm-diameter nonenveloped intranuclear icosohedral nucleocapsids, which occasionally contained a central dense core and enveloped extracellular virions consistent with herpesvirus morphology (Fig. 4) .
Herpesviral genomic sequences were detected in DNA extracted from tissue lesions, blood, and mucosal swabs collected at necropsy from seals that died between April and November with oral or tonsillar ulceration. Identical herpesviral DNA was also detected in blood and mucosal swabs from all five of the healthy elephant seal pups that were released following rehabilitation. All five animals were sampled during the first week of admission (one was also sampled during the second week), with all testing positive during the months of March, April, May, and August. A 225 bp fragment of the DNA polymerase gene was detected by PCR with the degenerate primers and a 150 bp fragment was detected using the elephant seal-specific herpesvirus primers; sequences were consistent with a herpesvirus belonging to the Gammaherpesvirinae. The two primer pairs were used in combination to obtain a larger fragment (490 bp, Genbank accession number DQ183057) of the DNA polymerase gene that was used in subsequent phylogenetic analysis to further classify the genomic sequence (Fig. 5) . The analysis indicated that the elephant seal herpesviral sequence was most similar to Porcine lymphotropic virus 2 (47.6%, GenBank accession number AF191043), Alcephaline herpesvirus 1 (46.6%, GenBank FIGURE 2. Tongue of an elephant seal with herpesvirus infection. Note the cytoplasmic swelling, nuclear pyknosis and eosinophilic intranuclear inclusion bodies (circled). H&E. Bar520 mm. accession number AF005370), and Chlorocebus rhadinovirus 1 from African green monkeys (45.8%, GenBank accession number CRH251573). Compared to previously identified marine mammal herpesviruses, this DNA sequence was most similar to the Hawaiian monk seal herpesvirus (42.5%, GenBank accession number DQ093191; Goldstein et al., 2006) , followed by Otarine herpesvirus-1 (35.3%, GenBank accession number AF236050; Lipscomb et al., 2000) from California sea lions, and Phocine herpesvirus-2 (34.1%, T. Goldstein, unpubl. data) from an FIGURE 5. Consensus phylogram representing the relationship between the herpesviral sequence detected in northern elephant seals (GenBank accession number DQ183057) and other known herpesviruses from all three subfamilies. This analysis was performed using a 490 bp region of the DNA polymerase gene obtained by using the sense degenerate primer described by VanDevanter et al. (1996) and the elephant seal herpesviral specific anti-sense primer. Significant bootstrap values (.50%) or those that designate subfamily branches are shown. Viruses designated as a, b, c belong to the alpha, beta, and gamma herpesvirus subfamilies, respectively. Sequences of viruses (GenBank accession numbers shown) are: Atlantic phocine herpesvirus 1 (Goldstein, T., unpubl. data), Pacific phocine herpesvirus 1 (U92269), Herpes simplex virus 1 (X04771), Human cytomegalovirus (AF133597), Epstein-Barr virus (V01555), Black rhinocerous herpesvirus (AF287948), Caprine herpesvirus 2 (AF283477), Alcephaline herpesvirus 1 (AF005370), Chlorocebus rhadinovirus 1 (CRH251573), Porcine lymphotropic virus 2 (AF191043), Hawaiian monk seal herpesvirus (DQ093191), Kaposi's sarcoma-associated herpesvirus (NC_003409), Phocine herpesvirus 2 (Goldstein, T., unpubl. data), Otarine herpesvirus (AF236050), Bison rhadinovirus 2 (AY237364), Bovine lymphotropic herpesvirus (AF031808), Deer malignant catarrhal fever virus (AF387516).
Atlantic harbor seal. A herpesvirus belonging to the Gammaherpesvirinae has also been isolated from harbor and grey seals (Halichoerus grypus) in Europe (Martina et al., 2003) . Although there does not appear to be a clear association between clinical signs and the presence of phocine herpesvirus-2 infections in these seals, there is some evidence to suggest that infection is linked to respiratory disease. All of the gammaherpesviral sequences obtained from pinnipeds to date have aligned most closely with other known herpesviruses in the Rhadinovirus (or c2) group rather than the Lymphocryptovirus (or c1) group within the Gammaherpesvirinae. Little is known about the epidemiology and pathogenesis of Rhadinoviruses, but they have most commonly been associated with respiratory infections and in same cases the development of cancer related disease (Roizman, 1996; Roizman et al., 1992) . This is the first report of a herpesviral infection in northern elephant seals. Although infection with this virus was not the primary cause of death in any of the 20 animals, it was associated with the oral and tonsillar ulcers. Identical herpesviral DNA was also detected in clinical samples from healthy elephant seal pups prior to release from the rehabilitation center and was not associated with clinical signs in these animals. There also does not appear to be an association between the time of year and animals testing positive for the virus in blood or swab samples. Therefore, it is not known whether the presence of the virus in these animals was associated with recent infection or reactivation as a result of being in captivity, or whether the herpesviral infection is ubiquitous in the population. Because herpesviral infections have not been previously reported in northern elephant seals, additional work is needed to understand the epidemiology and pathogenicity of this infection, as well as the prevalence of infection in freeranging elephant seals.
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